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Introduction. The standard model (SM) of strong and electroweak interactions is extremely successful. All experimental data are consistent with the minimal version of the SM, and so theoretical extensions of the SM must be motivated not, alas, by experiment, but by attempting to understand features that are accommodated in the SM but not explained by it. Perhaps the most profound such feature is the replication of quark-lepton families where the lightest family (u, d, e, ν e ) is repeated twice more, (c, s, µ, ν µ ), (t, b, τ, ν τ ), with the only difference between the families lying in the particle masses.
For consistency of a gauge theory, chiral anomalies must cancel [1] [2] [3] , and it is a remarkable fact that this cancellation occurs between quarks and leptons in the SM within each family separately. For one family, this can be used with only a few simple assumptions to deduce the electric charges of the fundamental fermions including electric charge quantization without recourse to the assumption of any simple grand unifying group containing electric charge as a generator [4] . The presence of more than one family, however, is accommodated rather than explained in the SM. In the 331 model [5, 6] , which is an extension of the SM, one obtains a theory with three extended families. While each extended family has a non-vanishing chiral anomaly, the three families taken together do not. This then offers a possible first step in understanding the flavor question.
The Model. The 331 model has gauge group SU(3) c ×SU(3) L ×U(1) X (hence the name).
There are five additional gauge bosons beyond the SM; a neutral Z ′ and four dileptons,
is the total lepton number; the 331 model does not conserve the separate family lepton numbers L i (i = e, µ, τ ). The new Z ′ will mix with the Z of the SM to give mass eigenstates Z 2 and Z 1 , but the singly-charged dilepton will not mix with the W ± in the minimal 331 model where total lepton number L is conserved.
In the 331 model the leptons are the same in number as in the SM; however the usual doublet-singlet pattern per family is replaced by one antitriplet of electroweak SU(3) L .
Namely the leptons in each family are in a (1, 3 [7] . The result is that there are three new quarks in the 331 model called D, S, and T respectively with electric charges −4/3, −4/3 and +5/3, and these provide targets of discovery at the SSC. From the manner in which the dileptons couple to the heavy quarks, we see that the latter also carry lepton number. D and S have L = +2 and T has L = −2.
The minimum Higgs structure necessary [6] for symmetry breaking and giving quarks and leptons acceptable masses is three complex SU ( 
where
and λ a are the usual Gell-Mann matrices. Note that T 9 = 1/ √ 6 for SU(3) L singlets. X is the U(1) X charge of the representations given above and is related to the usual hypercharge
which is an SU(3) L generalization of the ρ-parameter.
Using the matching conditions at the SU(3) L breaking scale [8] , g X is given by
which allows us to rewrite
which gives a relationship between
0.233. This relationship is specific to the minimal Higgs structure where SU(3) L breaking is accomplished only by triplet Higgs. Where possible we will discuss cross-sections for extended ranges of masses to allow for the possibility of a more general non-minimal 331
model, but will use Eq. (4) when a definite relationship between M Y and M Z ′ is required.
At the electroweak scale, Eq. (2) picks up small corrections due to SU(2) L breaking. This allows the dilepton doublet to be split in mass and also gives rise to Z-Zconstraints on this mixing arise from analysis of weak neutral current and precision electroweak measurements [8] [9] [10] . Shown on Fig. 1 is a lower bound on M Z 2 from FCNC [8] .
Since this bound comes from first-third family mixing, it is sensitive to the values of the CKM parameters as well as new mixing angles coming from the new quarks.
The matching condition, Eq. (3), has an interesting consequence -namely sin
at the 331 breaking scale [6] . Since sin 2 θ W runs towards larger values at higher energies, this provides an upper bound on the new physics. Using the running of sin 2 θ W (M Z 2 ) for a three-Higgs doublet SM and demanding that α X (µ) not be too strong puts an upper limit on M Z 2 . For α X (µ) we impose, faute de mieux, an upper bound α X (µ) < 2π, which implies M Z 2 < 2200GeV as shown in Fig. 1 .
An indirect lower limit on M Z 2 follows from Eq. (4) and the empirical lower bound on the dilepton mass [11] , particularly that coming from polarized muon decay [12] . Measurement of the e + endpoint spectrum [13] gives the lower bound M Y > 400GeV while the muon spin rotation technique [14] gives M Y > 300GeV (both at 90% C.L.). Using the weakest lower bound, we find M Z 2 > 1400GeV, which is shown in Fig. 1 . In turn, this gives a strong limit on Z-Z ′ mixing, −.02 < φ < +.001, assuming the minimal Higgs sector.
The minimal 331 model is thus very predictive, and equally very easy to rule out, giving a narrow window for the Z 2 mass between 1400GeV and 2200GeV and a corresponding window of between 300GeV and 430GeV for the dilepton mass.
We note that the U(1) X coupling constant g X diverges at a Landau pole less than one order of magnitude above the Z 2 mass. Because of this divergence, we assume that α X does not run above M Z 2 (and hence α X < 2π is always satisfied) when evaluating the elementary cross-sections at SSC energies. We expect such a behavior to be imposed by new physics above the Z 2 mass in a more complete theory.
Z 2 Production. Production of Z 2 , which, due to the negligible mixing, is the same as Z ′ , is dominantly byannihilation, and the resulting cross-section is given by the solid line in Note from Fig. 2 that the branching ratio into leptons is extremely small -this is because leptons have X = 0 and the Z 2 is dominantly in the U(1) X . Nevertheless, the cross-section for Z 2 production is so large that the charged lepton decay mode should be easily visible at the SSC. The decay into a pair of dileptons will provide healthy statistics for probing the Z 2 .
Both these features are different from usual Z ′ phenomenologies [15] [16] [17] [18] [19] . Forward-backward asymmetry would also be important to distinguish this model from other Z ′ models [20] .
Heavy Quark Production. Production of QQ in pp collisions proceeds through both the strong and the electroweak interactions. The strong interaction is through gluon fusion gg → QQ and quark-antiquark annihilation→ QQ, and these are identical to top quark tt production. New production mechanisms in the 331 model, however, are available in the electroweak sector by t-channel dilepton exchange and, more importantly, by s-channel Z 2 exchange. The latter mechanism dominates production of QQ for intermediate and large
M Q , being an order of magnitude larger in cross-section than the strong interactions for
M Z 2 or above; this is because α X (µ) is much larger than α 3 (µ) at these energies. Dilepton Production. By lepton number conservation, dileptons must be produced either in pairs, Y Y , or in association with a heavy quark QY . Pair production occurs fromannihilation through s-channel γ, Z 1 , Z 2 or W exchange and t-channel heavy quark exchange. Depending on the flavors in theinitial state, one can produce
We have computed the cross-sections using the leading log parametrization of the structure functions given by Morfin and Tung [21] Associated production of a dilepton with a heavy quark is by quark-gluon fusion, either by s-channel q exchange or by t-channel Q exchange diagrams. The results for the production cross-sections are depicted by the dotted lines in Fig. 3 . These are the cross-sections for production of a given dilepton in association with an arbitrary heavy quark Q = D or S. In general, we find that associated production is larger in cross-section than pair production, and depends more strongly on the mass M Q of the heavy quark.
The decays of heavy quarks has already been discussed. The dilepton decays either into a lepton pair or, if kinematically allowed, into qQ or scalar pairs. The doubly-charged dileptons Y ++ and Y −− give the especially simple signature of like-sign di-lepton pairs and is the most striking effect predicted by the 331 model at the SSC. As discussed above, the minimal version of the theory demands that the dilepton mass is only just above the current empirical lower bound 300GeV < M Y < 430GeV so the SSC production cross-sections are large, from one to several tens of picobarns. Aside from the s-channel production e − e − → Y −− [22] , the creation in a pp collider is the best discovery mode for dileptons.
Indirect searches for the existence of doubly-charged dileptons in e + e − colliders such as LEP-II and NLC have been previously studied [11] . Deviations from the SM expectations could show up even at LEP-II. Direct searches have also been considered in e − p colliders [23] ; although the cross-sections at HERA are undetectably small, dileptons would be readily observable at LEP-II-LHC.
Discussion. Because the dilepton mass is so restricted by the minimal 331 model, its striking decay signature into like-sign di-lepton pairs would be readily detectable at the SSC.
Similarly the Z 2 , despite its higher mass, is easily within reach of the SSC. 
